Crops like corn and soybean occupy vast area in the Midwest, USA. When land is left fallow after the harvest of these crops, a number of degradation factors operate and bring about soil erosion, nutrient loss, decreased soil organic carbon, reduced biological activity and increase in weed biomass. Integrating cover crops (CCs) into this system would build benefits that the very system lacks. There are various CCs available, but leguminous CCs allows for reduced application of fertilizer nitrogen and builds the soil fixed atmospheric nitrogen. Winter CCs are restricted in the Midwest because of the short planting window which greatly minimizes the biomass accumulation. Warm season CCs would serve well here. Sunn hemp is one such tropical CC that grows well in temperate conditions too, without producing seeds. It comes with many benefits -including decreased soil erosion, improved soil organic carbon, increase in soil fixed nitrogen, higher biomass that adds organic matter and N to the soil, reduced weed density and weed biomass. The timing and method of termination influences the residue management. Going by the benefits it adds, sunn hemp is a viable warm season CC that can be grown in the Midwest and has great potential in fallows, prevented plant acres, areas of crop failure (planted and failed) and also in areas after the harvest of the short season small grains or processing crops. However, intensive research on sunn hemp is needed in the Midwest which is discussed.
Introduction
Large stretches of land area in the upper Midwest, USA are dedicated to corn and soybean. These crops occupy the land for a short growing season and then the land remains fallow for the rest of the year, which opens it up for a number of degradation factors like loss of fertile topsoil through soil erosion, reduction in nitrogen due to leaching, decreases in the accumulation of soil organic carbon (SOC), decreased biological activity, and increased weed density and biomass. A more diversified rotation of additional crops including cover crops (CCs) could reduce these impacts. vetch, red clover, crimson clover, cowpea, brassicas like rapeseed, white mustard, forage, either grown as single species or as mixtures. However, while most CCs are able to establish and grow well in tropical areas, some of these would not survive the harsh winters of the Midwest. Many of these would be less productive here than in other areas of the country, with late planting dates, shorter growing season and lower heat unit accumulation from harvest to planting and a very short growing season (Appelgate et al., 2017) . It is a challenge to have successful establishment and growth of CCs in these regions.
Integrating legume CCs in these systems reduces the total dependence on fertilizer N and improves the environment by decreasing N losses (Reinbott et al., 2004) . Winter legume CCs help improve soil physical properties, reduce soil erosion, conserve soil water, recycle nutrients and increase crop yield potential (Veenstra et al., 2007) . However, the lack of favorable planting window and weather conditions means that the winter legume CCs often accumulate limited biomass. Warm season legumes may then be a desirable option.
Research on a few CCs that fit the corn -soybean system has been extensive. Although Natural Resource Conservation Service (NRCS) has listed some new CCs for this region, research has been limited in its ability to test effectiveness and scope of these new CCs. One such crop that deserves attention is sunn hemp. This is touted as one of the most efficient and effective CC for the Midwest, yet is largely untested.
Sunn Hemp
Sunn hemp (Crotolaria juncea L.) is a warm season legume that is grown for its ability to produce large biomass amounts and fix atmospheric nitrogen, thus improving the nutrient cycling of the soil while preventing soil erosion. It can also suppress weed density and biomass during the fallow period. By using this adapted tropical legume, the challenges of the use of winter cover crops can also be overcome. Though it grows all year round in Hawaii and is able to produce seeds there, it does not produce seeds in the Midwest. Sunn hemp is adapted to a wide range of soils and hence has attracted attention. It performs on poor sandy soils and also on soils with low fertility; however, it grows best on well-drained soils with a pH of 5 to 7.5, and is resistant to nematodes (NRCS, 1999) .
Sunn hemp is grown more in the southern states where there is warm temperatures, and cultivars being photoperiod sensitive, have a higher productivity there compared to other regions of the country. As a tropical legume, sunn hemp is able to produce larger quantities of biomass in a shorter time period than winter legumes from temperate zones while still providing agronomically important amounts of fixed nitrogen (Price et al., 2012) . Sunn hemp is a legume that grows rapidly and can produce 5.6 t biomass ha -1 and 122 kg N ha -1 in as little as 60 to 90 days. Close to 8 t ha -1 of biomass with 145 kg of N ha 1 has been recorded in the south (Balkcom & Reeves, 2005; Cherr et al., 2006) , and an average of 9.6 t biomass ha -1 at 45 to 60 days after planting in a 2-year study near Stillwater, Oklahoma (Warren et al., 2017) .
Planting of sunn hemp is usually undertaken when the soil temperature is more than 50 o F, and this makes it an ideal cover crop to follow wheat harvest or after short-season summer crops harvested in August or early September. Being a photosensitive crop, it is killed by temperatures less than 28 0 F, and any delay in planting shortens the growing season and leads to a reduction in biomass yield. Therefore it is important to plant sunn hemp atleast 45 days before the first killing freeze in fall (Warren et al., 2017) . It cannot produce viable seed in continental United States except for extreme southern locations of Florida and Texas; thus, eliminating its potential to be a weed (NRCS, 1999) , but this elevates seed prices for the Midwest. Sunn hemp cultivar, "AU Golden" is suitable for production in temperate environments (Balkcom et al., 2011) .
Sunn hemp as a CC has been consistently tested in the south, but has lacked the same intensity of research in the Midwest. Hence, it is of interest to the authors to build the case for sunn hemp as a CC. There are very few warm season legumes available as CCs; Sunn hemp can fill that void and fit in the cropping systems of the upper Midwest with benefits as indicated below.
Potential Benefits

Nitrogen and Carbon
Research has proved that SOC and crop yields are positively correlated, and therefore an increase in SOC through the addition of CC residues help increase crop yields (Blanco-Canqui et al., 2012) . The SOC concentration was 1.25 times greater with sunn hemp on average than in non-CC plots in the top soil layer (Blanco-Canqui et al., 2011) . Any increase in SOC improves the soil physical properties, increases water retention and infiltration, improves nutrient cycling and thereby stimulates crop growth. SOC also absorbs and filters nutrient loss in runoff (Rawls et al., 2003) . Stallings et al. (2017) reported higher C:N ratio that led to greater immobilization with June and July planting of sunn hemp, and lower C:N ratio with May planting. At the 0 to 5-cm layer, increased soil nitrogen was recorded with cover grasses and sunn hemp compared to fallow (Garcia et al., 2013) .
Sunn hemp added nitrogen to the soil as a legume crop, resulting in higher nitrogen uptake and yield of corn in CC plots compared to no cover plots. However, there was net increases of soil N that resulted in increased nitrate leaching. Muneoz-Carpena et al. (2008) recommended that when sunn hemp was used as CC, there should be reduction in the N fertilizer applied. In Kansas, averaged across four N application rates, soil total N concentration increased by 125 kg ha -1 under sunn hemp compared with non-CC plots (Blanco-Canqui et al., 2012) . Even though sunn hemp fixed N in the soil in significant amounts, in places of low rainfall, the beneficial effects of summer CCs may be limited. Sunn hemp contributed the equivalent of 58 kg ha -1 of N fertilizer for corn planted the following spring (Balkcom & Reeves, 2005) , but N losses (most likely due to leaching) during the winter greatly reduced availability. Sunn hemp in combination with rye is able to scavenge residual N and could improve N use efficiency in organic systems and increase mineralizable N (Dabney et al., 2001 ).
The assumption that winterkilled CCs released N very fast is supported by Weinert et al. (2002) , who documented that CCs which winterkill release and leach N more quickly than CCs which overwinter. Such experiments need to be evaluated in the upper Midwest too, to quantify the addition of N and increase in yield with sunn hemp as cover crop.
Weed Suppression
Compared to mowing CCs, termination with a roller-crimper results in uniform distribution of residues leading to improved weed suppression, prolonged residue decomposition and reduced fuel and labor inputs (Creamer & Dabney, 2002) . For organic farmers, alternating this practice with crops that are established with tillage avoids selection for perennial weeds (Rasmussen et al., 2014; Smith et al., 2011) . Volunteer CCs resulting from incomplete termination with mechanical rolling can be problematic in subsequent crops and may impact the benefits of organic rotational no-till. But with sunn hemp, since the potential to seed is next to nonexistent, there is no problem of the CC becoming a weed (NRCS, 1999) . CCs need to produce a biomass in the range of 5 to 8 t ha -1 in order to form an effective layer of mulch to prevent weeds from establishing (Mohler & Teasdale, 1993) . Sunn hemp has been recorded to produce nearly 7 to 8 t ha -1 of biomass in the Midwest regions. That makes it a potential CC capable of weed control after the cash crop either in the summer or fall. In Georgia, Bradley et al. (2015) reported lower grass weed biomass with sunn hemp, which also needs to be studied in the Midwest.
Biomass N
Nitrogen fixing summer or tropical legume CCs such as sunn hemp that produce high biomass may improve soil properties more rapidly and have a greater effect on increasing crop yields. Planting CCs early, such as after corn silage or wheat or into standing crops just before it reaches maturity (Ruis & Blanco-Canqui, 2017 ) is one way of CC management. For example, when leguminous CC followed wheat in Kansas, biomass levels were 7 t ha -1 for sunn hemp and 5.3 t ha -1 for late maturing soybean (Blanco-Canqui et al., 2011) . Results of the experiments conducted by Blanco-Canqui et al. (2012) indicated that summer CCs, particularly sunn hemp, can return significant amounts of residues in a short period of about 12 wks. The increased height of sunn hemp may also be beneficial for shading and smothering weeds. Such higher residue input from sunn hemp has been reported from other regions as well (Mansoer et al., 1997; Balkcom & Reeves, 2005; Schomberg et al., 2007) .
Cultivar "Tropic Sun", which has been most extensively studied, has been shown to produce 5.8 t ha -1 biomass and contribute 135-145 kg ha -1 N in a 9-12-week period (Mansoer et al., 1997) . High biomass production within a short period enables sunn hemp to serve as a summer CC between warm-season harvest and cool-season planting (Mosjidis & Rehtji, 2011) , with the added benefit of reduced fallow weed population and density. A winter CC such as rye, could sequester N produced from decomposing sunn hemp biomass (Balcom & Reeves, 2005) , making this system a profitable one. Three year mean biomass added to the soil from sunn hemp in a study in Georgia ranged from 6.9 to 9.8 t ha -1 while that of crimson clover ranged from 3.5 to 4.9 t ha -1
. This increased biomass contributed to improvement in soil structure and fertility (Hubbard et al., 2013) . In a planting date study at Wisconsin, a maximum biomass of 5.7 to 7.4 t ha -1 was obtained (Stute, 2017) . Repeated use of sunn hemp as a CC in conservation tillage systems could be expected to improve soils in the region due to the large amount of residue produced in a short growing period (Schomberg et al., 2007) , and thus leads to the argument for sequential CCs.
Crop Yield
Legume CCs like sunn hemp are the most reliable means to enhance cash crop yields compared with fallows or other CC species (Snapp et al., 2005) . Sunn hemp when used as summer CC brought about changes in soil properties which increased the yield of crops that followed (Blanco-Canqui et al., 2011 . This is in conformity with the results of Balkcom and Reeves (2005) . Increase in crop yields due to the beneficial effects of CCs like sunn hemp can be particularly greater at or below 66 kg ha -1 of N application, which suggests that CCs may be supplementing extra N to the crop for higher gains in yield while also removing competition from weeds, reducing input costs of herbicides and fertilizers, and gainfully using soil moisture. Results from Kansas showed that the mean increase in grain yield of corn as a result of including cowpea, pigeonpea, sunn hemp, double cropped soybean, and double cropped sorghum in the rotation over fallow system with 0 kg N ha -1 was 78, 91, 66, 72 and 12% respectively (Mahama et al., 2016) . Fertilizer N replacement values for cowpea, pigeonpea, sunn hemp, double-cropped soybean, and double-cropped grain sorghum were 53, 64, 43, 47, and -5 kg N ha -1 , respectively.
When sunn hemp was grown as summer CC, particularly at N application rates that were low, Blanco-Canqui et al. (2012) This difference in sorghum yield between sunn hemp and non-CC plots at 0 kg N ha -1 tended to increase gradually with time after summer CC establishment. However, CCs may or may not increase yields of subsequent crops (Andraski & Bundy, 2005) .
Termination
Termination method and residue management can influence N mineralization, soil nutrient loss and availability, crop N uptake, weed communities and soil moisture availability (Mirsky et al., 2009; Parr et al., 2011; Wortman et al., 2012b) . Yield is typically expected to improve with legume CCs, and when loss occurs, it is attributed to incomplete cover crop termination, increased moisture utilization by CCs leading to moisture deficit, or nutrient immobilization (Mischler et al., 2010a) . Liebl et al. (1992) found that transpiration reduced available soil moisture during dry periods, but following no-till termination, CC residue conserved soil moisture relative to a no-till system without CCs. Given that the driest portion of the growing season in the western Corn Belt typically occurs after CC growth (i.e., June-August), potential soil moisture savings offered by the residue (post-termination) throughout the growing season may negate moisture deficits observed during CC growth (Wortman et al., 2012b) .
Delaying termination until approximate planting of the following crop creates a more synchronous relationship between the sunn hemp residue mineralization and crop demand (Stallings et al., 2017) . Starting with a CC and then switching from conventional till to no till is more likely to ensure success and to maintain economic crop yields (Islam & Reeder, 2014) . One method of reducing tillage frequency in organic grain production is CC based rotational no-till (Mirsky et al., 2012) , which involves growing high-biomass CCs, terminating them with a roller-crimper, and no-till planting cash crops into the weed-suppressive mulch (Keene et al., 2017) . It is also necessary to make sure that the CC is susceptible to control with a roller-crimper so that it does not compete with the cash crop (Bernstein et al., 2011; Mischler et al., 2010b) . Blanco-Canqui et al. (2012) concluded that inclusion of summer legume CCs like sunn hemp in no-till systems brings about many benefits like improved soil physical properties, increased SOC and N, and also reduced application of fertilizer N.
Sunn hemp planted in August or September following an early season summer cash crop would be best served by allowing freezing temperatures to terminate it. Mowing and crimping are other non-chemical methods of termination and many farmers have reported good success with it. Growing sunn hemp as CC and roller crimping it would therefore lead to no till corn, with additional benefits of improved N status of the soil. This usually may require multiple passes with roller/crimper to sufficiently kill the cover crop. This system can greatly benefit organic no-till corn while conventional farmers can also be benefitted by growing sunn hemp. When CC and manure additions are coupled, an organic reduced tillage system can sequester increased SOC over a no-till system after several years (Teasdale et al., 2007) .
Potential Applications
There are few good warm season legume CC options for the upper mid-west, yet several applications where it could be used. Applications include summer fallow, prevented plant acres, cases of crop loss, and after harvest of short season crops such as small grains and processing crops.
Land is often left fallow in organic production systems, either as a planned soil building strategy or to remediate soils from physical degradation caused by excessive tillage or to reduce weed populations (Clark et al., 2017) . Large areas of the upper Midwest are also unplanted annually due to the stringent cut-off dates associated with federally supported crop insurance (United States Department of Agriculture (USDA) Handbook, 2018). Wisconsin, for example, has averaged 76,142 acres annually in the past 10 years for prevented plant acres, and 6,132,295 acres for planted and failed (USDA, 2018).
We can anticipate increases in prevented plant acres and storm damaged crops as storm intensity and frequency increase. More extreme temperatures and precipitation can prevent crops from growing. Extreme events, especially floods and droughts, can harm crops and reduce yields. High nighttime temperatures affected corn yields across the U.S. Corn Belt in 2010 and 2012 (Environment Protection Agency (EPA), 2017, Iizumi & Ramankutty, 2015) . Sunn hemp would be a right fit under such situations. It can be either grown as a single crop or in sequential cover cropping.
Finally, harvest of short season crops such as small grains and processing idle cropland for a significant portion of the growing season with cover crops has beneficial effects. Planting a warm season legume like sunn hemp to capture unused solar radiation could provide many associated benefits as described earlier.
Conclusion
Though there is potential in using sunn hemp in the organic no till corn production, its performance depends heavily on the production of biomass, and formation of a mulch layer to effectively control weeds. Sunn hemp as a legume CC fixes atmospheric N, increases the soil nutrient availability, improves the SOC, reduces soil erosion and serves the ecosystem. It can be either cultivated as a warm season CC or a component of sequential cover cropping in organic transitions or no till corn. In all this, the proper stage of crimping is very important. There has not been much studies in that direction on sunn hemp, especially in the upper Midwest of USA, and therefore, needs research and documentation.
